Abstract A series of changes in groundwater system caused by groundwater 14 exploitation in energy base have been of great concern to hydrogeologists. The 15 research aims to identify the origin and geochemical evolution of groundwater in 
The Ordos Basin is located in northwestern China, which covers an area of It is the largest explored coalfield with an enormous potential for future development.
54
The coal reserves explored is 230 billion tons. The coal is exploited from Jurassic in small basin (Toth, 1963) . Hence, it is also significant to implement local 90 groundwater resources investigations. As Winter (1999) Ordos City and is mainly administratively governed by Wushen County of Ordos City.
134
It almost covers an area of 400 km 2 , ranging within latitudes 39°13′30′′-39°25′40′′N
135
and longitudes 108°51′24′′-109°08′40′′E. Its length is 23km from east to west and its 136 width is 22km from north to south (Fig.1) .
137
The continental semi-arid to arid climate controls the whole study area, which is 138 characterized by long, cold winters and short, hot summers (Li et 
150
As a small-scale lake basin, the main geomorphic types of Subei lake basin are 151 wavy plateau, lake beach and sand dune from an overall perspective (Fig.1) 
160
Subei lake is located in the low-lying center of the study area ( Fig.1 it can be also recharged by lateral inflow from groundwater outside the study area.
193
Besides the above recharge terms, leakage recharge from the underlying confined lake water (Fig.3) .
205
The unconfined and confined aquifers are separated by an uncontinuous aquitard. exploitation is the major drainage way of confined groundwater.
220
In the present study, the depth of sampling wells is used to classify groundwater 
242
The water samples were taken from wells for domestic and agricultural purposes 
Analytical techniques

256
Electrical conductivity (EC), pH value and water temperature of each sample 257 were measured in situ using an EC/pH meter (WM-22EP, Toadkk, Japan), which was 258 previously calibrated. Dissolved oxygen concentration and oxidation-reduction 259 potential were also determined using a HACH HQ30d Single-Input Multi-Parameter groundwater.
322
The hydrochemical data of groundwater were plotted on a Piper triangular 323 diagram (Piper, 1953) , which is perhaps the most commonly used method for identifying hydrochemical patterns in major ion composition (Fig.6) As for the shallow Cretaceous groundwater (<120m), the pH varied from 7.37 to 
Stable isotopic composition in groundwater and surface water 352
In the present study, the results of the stable isotope analysis for groundwater and 353 lake water were plotted in Fig.7 . In previous study, the local meteoric water line The average values of δ 18 O and δD were 4.4 and -21‰, respectively in December.
385
The low slope of the regression line of δ 18 O and δD in lake water could be ascribed to 386 a combination of mixing and evaporation under conditions of low humidity. 
Linkage among geochemical parameters of groundwater
388
Correlations among groundwater-quality parameters are shown in Table 2 and 389 Fig.8 . All of the major cations and anions are significantly correlated with TDS (Table   390 2), which shows that these ions have been dissolved into groundwater continuously,
391
and then resulted in the rise of TDS.
392
As is shown in and pH shows that the dissolution of feldspar does take place along groundwater flow 476 path. The phenomenon also occurs in Habor lake basin according to Yin et al. (2009) .
477
Cation exchange is an important process of water-rock interaction that obviously Where X is sites of cation exchange.
487
Schoeller proposed that chloro-alkaline indices could be used to study the cation 
The formation mechanisms of groundwater and surface water 510
The saturation index is one of vital geochemical parameters in hydrogeology and 511 geochemistry field, which is usually useful for identifying the existence of some 512 common minerals in the groundwater system (Deutsch, 1997) . In this present study, 
:
Where IAP is the relevant ion activity product, which could be calculated by (Fig.11) . It shows that rock weathering was the main mechanism controlling indicating that lake water in discharge area has undergone stronger evaporation than 631 lake water in recharge area.
632
Much more accurate groundwater information has been obtained by conducting 633 this study on Subei lake basin, which will further enhance the knowledge of as to minimize the negative impacts of anthropogenic activities on the water system.
641
In addition, given that there have been a series of ecological environment problems, 642 more eco-hydrological studies in these lake basins are urgently needed to do from the 643 view of sustainable development of natural resources environment in the future.
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